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WILLIAM MONTAGNA, Pn.D.
In contrast to the usual fragmentary material
used for studying the skin of the axilla, we have
heen able to survey a large number of specimens,
removed at the same time, from selected subjects
of comparable age and sex, and the material
treated exactly alike and at the same time. This
wealth of excellent specimens has given new di-
mension to our understanding of the sweat glands
of the axilla.
We are now able to point up many of the older
observations, and to reemphasize those details
which have been largely neglected. The skin of
the axilla is unique for the study of both apocrine
and eccrine sweat glands. Nowhere else on the
body are these glands so intimately associated,
and in no other animals is this mixed population
of sweat glands so plentiful.
There is here further documentation of the
fact that the axillary apocrine sweat glands of the
Negro are surrounded by varying numbers of
nerves that contain acetylcholinesterase (Mon-
tagna and Ellis 1). After diligent search and im-
proved technics, however, we have also found
such nerves around some of the apocrine glands
of Caucasian subjects.
MATERIALS AND METHODS
This material was obtained from the axillae of
15 Negro men, all in their twenties. The material
was further supplemented with specimens of four
axillary skin from Caucasian men of the same age.
A large, elliptical piece of skin was removed
surgically from the vault of each axilla, after local
novocaine anesthesia. Histological observations
were made on paraffin-embedded specimens, which
had been fixed immediately in Helly's fluid after
they had been excised. In addition to a number of
standard histological staining procedures, sections
were stained with the PAS technic, using diges-
tion with saliva to identify glycogen; the Prussian
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blue procedure was used to identify ionic iron.
Thick and thin frozen sections of material fixed
in chilled neutral formalin were: a) mounted with-
out treatment in non-fluorescent glycerin and
viewed under near-ultraviolet light; b) treated
with the cobalt sulfide method to demonstrate
alkaline phosphatase (Gomori 2); and c) processed
with the method of Koelle and Friedenwald (3)
as modified by Gomori (2) for acetyl- and butyryl-
cholinesterases, using butyryl- and acetylthio-
choline iodide as substrates. For controls, eserine
in concentration of 1O— M was added to batches of
each substrate.
HISTOLOGICAL OBSERVATIONS
The axillary skin is largely similar in Negroes
and Caucasians, and the observations that follow
pertain to both races. We emphasize here the
multiplicity of morphological expressions of
apocrine sweat glands, as others have (Montes
et al. 4).
Axillary apocrine sweat glands display remark-
able differences in form and size, even in the same
axilla (Figs. 1A, B). In the center, or the vault of
the axilla, nearly every hair is associated with one
very large gland. Toward the periphery of the
axilla, the glands become gradually smaller and
scantier, and many hair follicles are free of glands.
The focal point of glandular development, then,is the center of the axillary organ; here, the
variably dilated tubules form an almost uninter-
rupted bed of glandular tissue in the lower portion
of the dermis. The individual nests of adjacent
glandular coils, though clearly delineated toward
peripheral areas of the axilla, are crowded against
one another, often masking the connective tis-
sue barriers that separate them. It must be
appreciated that as these glands develop,
expanded adjacent coils fuse together, attain cul-
dc-sac diverticula, and the entire glandular bed
appears spongy or cavernous. There is great
variability in the dimensions of the secretory coil
of adjacent glands, or even of the same gland.
Some segments are thin-walled, and often blown
up like balloons; others nearby may be small and
thick-walled. In spite of such diversity, however,
many glandular units are of uniform size.
The cytological details of such organs are also
variable. The secretory cells are all of one "type",
but there is an almost limitless modality of expres-
sion in their structure. They may be so tall as to
dwarf the lumen, or they may be reduced to flat
squamae, surrounding a spacious lumen. The
luminal border of the cells may have a clearly-
defined cuticular border, or the cells may protrude
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Fio. 1. A. Small portion of a single apoerine sweat gland, showing a moderately tall epitheliui. Ii.
A gland adjacent to that shown in 1A in which the entire tubule has a very flat secretory epithulium.
Both specimens were from a Negro subject, 27 years old. Stained with H. & E.
into the lumen as small or large cytoplasmic
streamers (Fig. 2A). In some glsnds the lumen may
be full of cast-off cells which are still intact and
apparently still viable (Figs. 3A, B). The tubule
of such glands may be lined with flattened, endo-
thelial -like cells, with here and there nests of small
cuboidal cells with an intensely basophilic non-
granular cytoplasm, which appear to be the seeds
for the next generation of epithelial cells.
Some cells are laden with both pigmented and
non-pigmented granules, others may have few or
none; yet, in some cells, the granules are nearly
all achromic. All cells have above the nucleus a
rounded area, free of granules, which corresponds
to the Golgi apparatus. Many, but not all, of the
cytoplasmic granules are PAS-positive, and
resistant to salivary digestion. We have failed,
in the past, to show glycogen in the apocrine sweat
glands of the axilla, but nearly all of the specimens
from Negro men have some glycogen in the larger
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FIG. 2. A. Tall columnar secretory epithelium, some of which protrudes into the lumen in the form of
blehs. B. Tubule from the same specimen in which the secretory epithelium is very flat. Both A and B
from the axilla of a Negro subject, 21 years old. Stained with H. & E.
secretory cells; droplets of glycogen may even
be found free inside the lumen (cf. 4). The secretion
inside the lumen has many different staining
properties. It may be clear, cloudy, full of bubbles,
particulate or replete with cast-off cells, intact or
fragmented. It may stain orthochromatically or
metachromatically with toluidin blue. It is usually
PAS-reactive, but occasionally it is not. These
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FIG. 3. A. The tubule on the left contains many cast off whole cells, still intact in its lumen. B. Seg-
ment of a tubule with very tall, columnar secretory cells, and the lumen containing desquamated cells.
Both A and B from the axilla of a Negro subject, 21 years old. Stained with Toluidin blue buffered to
pH 4.5.
variable staining properties must reflect dif- near-ultraviolet light, the only consistentlyferences in chemical properties. strong autofluorescence element is in the pigment;
Autofluorescence yellow or brownish pigmented granules emit an
When fixed or unfixed frozen sections mounted orange light of moderate intensity. The material
in non-fluorescent glycerin are viewed under inside the lumen is practically non-fluorescent,
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FIG. 4. A. Part of the glomerate portion of an eccrine sweat gland, completely enwrapped by nerves
that contain acetyicholinesterase. The bracket indicates that portion of the gland which is composed of
coiled duct, which is also surrounded by some nerves that contain acetylcholinesterase. B. Segment of
eccrine sweat glands showing the beaded appearance of the acetylcholinesterase-rich nerves. Both A and
B are from a Negro subject 25 years old.
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FIG. 5. A. Coarse aeetyleholinesterase-sparse nerves around a large apoerine sweat gland from the
gland of a Negro 25 years old. B. A smaller gland from the same subject, surrounded by many more
acetylcholinesterase-containing nerves.
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unless it contains cast-off cells; it usually emits a
whitish light of low intensity, regardless of the
amount of fluorescence in the surrounding epi-
thelial cells. The small amount of pigment in the
ecerine sweat glands emits a fluorescent light
similar to that of the apocrine pigment.
Acetyleholinesterase
The skin of the axilla has a remarkable number
of nerves that contain acetyleholinesterase. Such
nerves are most conspicuous around the secre-
tory coil of ecerine sweat glands. These are
coarser than we have ever seen before, and they
have small swellings that give them a beaded
appearance (Figs. 4A, B). We now also find nerves
loosely wound around the coiled part of the duet
(Fig. 4B). Some fibers even accompany the
straight segment of the duct, together with the
blood vessels, rise to the papillary body and join a
loose superficial mesh just underneath the epider-
mis.
The quantity of aeetyleholinesterase-reaetive
nerves around the apoerine glands is inconsistent
even in the same specimen. Rarely as numerous
as those around the eeerine sweat glands, but
coarser, there may be only a few of them woven
between and around the coils of some glands, or
many around other glands (Figs. 5A, B). All
conceivable variation occurs in every specimen
that we have studied. The state of dilatation of
the glands has no relation to the number of
nerves around them. In the four specimens of
axillary skin of white subjects, some glands are
almost as richly supplied with nerves as in the
skin of Negroes, but the majority of the glands
are largely free of nerves.
A loosely knit basket of nerves surrounds every
hair follicle between the bulge and the entrance of
the duet of the sehaeeous glands. These nerves
comprise the hair follicle end-organ; the palisade
nerves, so conspicuous around the follicles in
other parts of the body (Winkelmann 5) are not
so prominent in the axilln. Single fibers, or small
bundles from the end organ continue up, winding
gently around the pilary canal and join the
subepidermal, or superficial nerve network. All
of these nerves contain acetyleholinesterase.
Acetyleholinesterase-eontaining nerves are en-
meshed in the adventitia of every cutaneous
artery and arterioles (Fig. 6). Single fibers from
these meshes rise up into the papillary ridges
together with the superficial capillary loops.
Fm. 6.Small artery with the adventitia surrounded by aeetyleholinesterase-eontaining nerves, from
the axilla of a Negro 24 years old.
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Fin. 7. A. Vague, butyryicholinesterase reaction in the nerves around the eccrine sweat glands from
the axilla of a Negro 24 years old. B. Butyrylcholinesterase reaction in the sebaceous gland in the axilla
of a Negro 27 years old.
Though not plentiful, there is some acetyleho- But yrylcholinesterase
linesterase in the sebaceous glands, localized The nerves around the eccrine and apocrinewithin the differentiating cells at the outer
periphery of the sebaceous acini. There is no sweat glands, hair follicles and blood vessels
reaction in the mature cells and in the sebum. contain a trace of butyrylcholinesterase (Fig.
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7A). Those which accompany the blood vessels
are more clearly defined than those elsewhere.
The strongest reaction is in the sebaeeous
glands, particularly in the cells which are under-
going sebaceous transformation (Fig. 7B).
Alkaline Phosphalase
The distribution of alkaline phosphatase is
similar to that which has been described earlier
(6), but the intensity of the reaction is greater
than we have found before. The epithelium of
the eeerine sweat glands and that of the apo-
crine sweat glands contain moderate amounts of
enzyme activity as do also their myoepithelial
cells.
We center our attention upon the sebaeeous
glands, which, themselves free of phosphatase,
are surrounded by many capillaries which follow
every contour of the acini. Since the large lobules
of the sebaceous glands are really complexes of
fused acini, the individual component units
remain separated by delicate connective tissue
trabeeulae which carry with them vascular
elements. When sectioned, fragments of phos-
phatase containing endothelial tubes are often
seen in the center of these glandular complexes
(Fig. 5).
Iron
We have looked for iron in the apoerine sweat
glands of each of the two axillae of 15 subjects.
All of our previous observations on the occurrence
of iron are correct. All 30 specimens contain some
iron in the apoerine sweat glands, but the dis-
tribution is unpredictable (Fig. 9). No single
morphological criterion can be related to iron in
the glands, other than the presence of pigment.
In any gland, iron may be present in nearly every
tall epithelial cell, and altogether absent in similar
cells nearby; for no apparent reason, some cells
have it and others do not. The height of the
secretory cells has nothing to do with its pres-
ence or its abundance. It may be found even in
the flattened squamae of dilated tubules. Though
iron occurs only in cells that contain pigment,
the abundance of pigment is not a significant
index of its occurrence. In 2 of the 30 specimens
we found iron inside large, connective tissue cells
around the glands. These cells, which also con-
tained some pigment, were probably macro-
phages. This observation would be of small
interest except that these two specimens were
from the two axillae of the same subject. The
glands in these two specimens were similar to
those of other subjects in all respects.
FIG. 8. Numerous alkaline phosphatase reactive capillaries around and inside of a sebaceous gland
from the axilla of a white subject 27years old.
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Fio. 9. Abundant ionic iron in some of the cells of a tubule from the apocrine sweat gland in the axilla
of a Negro 24 years old.
DISCUSSION
In order to obtain a proper three-dimensional
visualization of nerves around sweat glands, one
must make use of thick sections. Many details
described herein would be missed altogether in
thin sections.
In an earlier paper, we called attention to the
acetylcholinesterase-containing nerves that sur-
round the axillary apocrine glands of Negroes
(ef. 1). We now find that though not as prominent
as in the Negro, the axillary glands of Caucasians
may also be surrounded by nerves that contain
acetyleholinesterase. This is concordant with the
pharmacological studies of Aoki (7). rrhus it
seems unwise to emphasize that ecerine and
apocrine sweat glands are separable on the
grounds that the latter respond to cholinergic
stimulation and the former to adrenergic stimu-
lation (8). Anki (7) has shown that the apocrine
glands of Negroes, and to a lesser extent those of
Caucasians, respond to both adrenergic and
cholinergic agents. His results also agree with
ours in that great differences exist from individual
to individual in the number of acetyleholines-
terase-containing nerves. Aoki (7) found 7 of 9
Negro subjects and 2 in 6 Caucasians whose
axillary glands responded to cholinergie stimu-
lation.
Contrary to general belief, cholinesterase-
containing nerves are not rare around apocrine
glands. They are always present around the
glands in the nipple of the breasts of female
human beings (9) and often present around those
of the mons pubis (Kligman—personal communi-
cation). Comparative studies of the apncrine
sweat glands in the skin of various primates show
that the glands may or may not have cholines-
terase-containing nerves around them (6). It is
significant that in the chimpanzees, for example,
the glands in the axilla have such nerves around
them, but those over the rest of the body do not
(10). The cutaneous nerves of the Negro are richer
in cholinesterase than are those of Caucasians.
Even the nerves around the eccrine sweat glands
seem to be more plentiful, coarser and richer in
enzyme activity. Also the individual fibers have
more conspicuous nodules along their path. The
nerves around the cutaneous blood vessels in
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Caucasians have only moderate amounts of
aeetylcholinesterase in them, but those of the
Negro abound in enzyme activity (Fig. 6).
In the skin of the Negro most nerves have more
butyryleholinesterase than do comparable nerves
in the Caucasians. Enzyme activity is partic-
ularly clear in the nerves that accompany the
blood vessels. The sebaceous glands, which also
contain a trace of reactivity for acetylcholines-
terase, are moderately strongly reactive for
butyryleholinesterase.
The autofluorescence of the apocrine sweat
glands is particularly interesting. Whereas the
pigmented granules of the secretory cells fluoresce
with a bright, orange light, the secretion within
the lumen emits a very pale, whitish light. Thus,
the pigment is probably not secreted directly into
the lumen except when whole cells are cast off.
cONcLusION
These observations make clear that although
differences do occur between the skin of Negroes
and that of Caucasians, these differences are
subtle and presently little understood. It is
evident that to give substance to these mor-
phological observations, we must obtain more
quantitative physiological and biochemical in-
formation.
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